INTRODUCTION
Traditionally, wines have been produced by natural fermentation caused by yeasts from the grapes and winery. Yeasts of the genera Hanseniaspora, Candida and Pichia grow during the early stages of fermentation but eventually die off, leaving Saccharomyces cerevisiae as the dominant species to complete the fermentation. The microbial process of must fermentation has been the subject of numerous studies (for a review see Fleet and Heard 1993) . In addition, the dynamics of the S. cerevisiae strains during spontaneous alcoholic fermentation contribute to the chemical composition and sensory qualities of the resulting wine (Lurton et al. 1995) .
A number of different strategies, based on the analysis of DNA polymorphism, have been used to differentiate the enological strains of S. cerevisiae (for a review see Querol and Ramón 1996) . They are powerful tools, not only for industrial and technological controls, but also for ecological research into the intraspecific diversity of the indigenous microbiota of wines . In previous studies, several authors have examined the evolution of the native population of S. cerevisiae during the course of spontaneous wine fermentation (Querol et al. 1992a Vezinhet et al. 1992; Gafner 1993, 1994) , i.e. without the seed of selected strains. Many different strains have been observed generally, but few of these have been dominant in the latter stages of the process. At a Bordeaux winery, Frezier and Dubourdieu (1992) found the same dominant strain in spontaneous fermentation for two consecutive years and Guillamón et al. (1996) found significant correlations between geographical origin and the genetic relationships among strains.
In the present work, the dynamics of S. cerevisiae strains in spontaneous fermentation have been studied in the same winery for two consecutive years. The 1994 vintage was very rainy in the last stages of the ripening process, presenting grapes with poor sanitary conditions. The 1995 vintage was harvested under normal conditions. A rapid and simple method of yeast mtDNA restriction (Querol et al. 1992b ) has been applied to analyse the influence of climatic factors on the dynamics of natural S. cerevisiae strains.
MATERIALS AND METHODS

Wine fermentations
Two red wine-making processes were studied in the same fermentation vessel in a winery from Porrera (Priorat wine region, Tarragona, Spain) in 1994 and 1995. Dry yeast was never used. The wine making processes were carried out under the same conditions in both years. Samples were taken aseptically at four different stages of the fermentation: the beginning (day 3), the middle (day 5) and the end of the I  18  20  18  24  14  8  16  26  II  14  6  20  18  2  0  2  0  III  4  6  0  8  24  16  6 
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tumultuous fermentation (day 8), and the end of the alcoholic fermentation (day 12). Several dilutions were made at every fermentation stage (10 −3 , 10 −4 , 10 −5 ) and these aliquots were spread (0·1 ml each) onto plates of malt extract agar (Oxoid, Basingstoke, UK) supplemeted with chloramphenicol (100 mg l −1 ). The plates were incubated at 26°C for 5 d. Yeast colonies were identified according to Barnett et al. (1990) and only those that were clearly Saccharomyces were analysed.
DNA isolation and restriction analysis
Whenever a sample was taken, 50 independent isolates, obtained as randomly chosen colonies on plates from the highest dilutions, were analysed for mtDNA. A total of 400 colonies were analysed and their mtDNA patterns were determined by the Querol et al. (1992b) method. Yeast DNA was digested with HinfI (to establish the different Saccharomyces strains) and RsaI to distinguish between the different species of Saccharomyces (Guillamón et al. 1994) . The restriction enzymes were provided by Boehringer Mannheim (Mannheim, Germany) and the fragments were separated in 1% agarose gels in TBE (45 mmol l −1 Tris-borate, 1 mmol l −1 EDTA).
RESULTS
There were 60 different mtDNA restriction patterns of the 200 Saccharomyces colonies isolated in the 1994 vintage, i.e. 60 different Saccharomyces strains. The same number of colonies was analysed during the1995 vintage and 66 different patterns were found. Comparison between the patterns from the two consecutive vintages revealed that 21 patterns were common to both fermentations (Table 1) . As an example, Fig. 1 shows nine common patterns and Table 1 shows the frequencies of the 21 strains in each sampling of the two years. These results show a great diversity of wild strains. However, most patterns were represented by a single colony (2%) in one stage of the fermentation, and only some of them (patterns I, II and III) were present in all the samples at significant frequencies (×10%). Pattern I is predominant on most days in the two consecutive years, with percentages of about 25%. Pattern II was the second most common pattern in the 1994 vintage. However, only one colony was isolated on days 3 and 8 during the 1995 fermentation. On the contrary, pattern III showed higher frequencies in 1995 than in 1994. It is interesting to note that strains I, II and III were isolated in both years. Patterns I and II were the dominant strains in 1994 and patterns I and III in 1995.
In the present work, the dynamics of the wild Saccharomyces strains present in spontaneous grape must fermentation were analysed. A sequential substitution of S. cerevisiae strains was observed throughout fermentation which corresponded to different fermentation phases (see Table 1 ). Table 1 Finally, an mtDNA restriction analysis was carried out with the endonuclease RsaI to characterize the four sibling species of the genus Saccharomyces (S. bayanus, S. cerevisiae, S. paradoxus and S. pastorianus). According to Guillamón et al. (1994) , the mtDNA restriction patterns obtained with this enzyme reveal species-specific restriction fragments. From these results, all the isolates were identified as S. cerevisiae.
DISCUSSION
Previous results from several studies of S. cerevisiae populations during spontaneous wine fermentations showed a great diversity of strains, of which only one or two represented more than 50% of the total biomass (Frezier and Dubourdieu 1992; Querol et al. 1992a Querol et al. , 1994 Schütz and Gafner 1993; Versavaud et al. 1995) . Generally speaking, our results are similar to these. We found greater diversity (60 and 66 different strains during the 1994 and 1995 vintage, respectively) and the majority strain (pattern I) had lower percentages than in previous studies. Querol et al. (1994) and Schütz and Gafner (1994) used mtDNA and electrophoretic karyotyping, respectively, to analyse the dynamics of the natural S. cerevisiae strains present in spontaneous wine fermentation. They observed a succession of different strains in the yeast population during the fermentation process. In our results, this succession was clearly observed for the minority strains in both years. Likewise, in 1995, the dominant strains (patterns I and III) also showed a succession in the different fermentation phases; pattern III was dominant at the beginning of the fermentation (days 3 and 5) but in the later stages, pattern I was dominant. In the 1994 process, on the other hand, the percentages of pattern I and II (dominant patterns) were similar in all the phases of fermentation (except day 5). Schütz and Gafner (1994) also reported that the composition of the yeast strain population varies from year to year. In our case, 32% of the patterns of the 1995 vintage, which represents 61% of the total biomass, were isolated in the first year of the study (1994 vintage) . These results show that there are specific native strains representative of a particular wine region (Vezinhet et al. 1992) . It is worth noting that majority strains could be selected and used as active dry yeasts for this area if they combine good enological properties. Inoculation of grape juice with selected yeast is a widespread practice in all the wine-making countries.
Furthermore, the fact that the population dynamics of S. cerevisiae strains were very similar, and that the same strain was predominant in two years with different climatic conditions in the last stages of ripening, shows that these dynamics are not influenced by climatic conditions. The vinification process involves a sequential proliferation of different species of yeast coming either from the vineyard itself or from the cellar. In 1976, contrary to current opinion, Davenport (1976) reported that S. cerevisiae did not belong to the indigenous vineyard microbiota but was associated with the winery environment and incorporated into the must during successive manipulations (Martini and Vaughan-Martini 1990; Longo et al. 1991; Constantí et al. 1997) . In addition, climatic conditions mostly affect berry-associated yeast microflora made up mainly of non-fermentative yeasts of the genera Hanseniaspora, Candida, Pichia and Hansenula. These species may increase in must from grapes under poor sanitary conditions and delay the imposition of S. cerevisiae strains. Martini and Vaughan-Martini (1990) criticized the microbiology of wine-making for being dominated by a handful of 'central dogmas' that have, in the end, slowed down its evolution. One of these dogmas is the conviction of wine technologists that strains of the species S. bayanus are particularly resistant to high ethanol concentrations, and that they are therefore most useful as starters for refermentation processes. In our study, both fermentations finished with ethanol volumes of around 14% (a high concentration for a wine), but none of the patterns obtained with RsaI could be identified as S. bayanus. From these results, it seems clear that the main species in wine fermentation is S. cerevisiae and we agree with Vaughan- Martini and Martini (1995) that S. cerevisiae strains may previously have been incorrectly classified as S. bayanus. The numerous molecular studies made in recent years have shown that many cultures belonging to the Saccharomyces sensu stricto group were incorrectly classified and actually belong to one of the other species.
